The rapid growth in genome study has stimulated the development of diverse analytical methods for mutation detection, the diagnosis and prognosis of diseases, as well as the assessment of treatments.
Although SNPs are not the only type of genetic variation, researchers expect them to be the most helpful for identifying genes related to disease. To specify and detect SNPs, it is necessary to screen a large number of samples. A method with high throughput and low cost is absolutely desirable.
The polymerase chain reaction (PCR) can exponentially amplify a specific part of DNA. 2 Therefore, this technology can be used to sample SNPs pieces and provide the SNPs at a concentration that is sufficiently high to measure with a suitable method. PCR products can be determined by agarose gel electrophoresis based on the difference in the relative electrophoretic mobility. However, the resolution capacity of agarose gel electrophoresis is limited. In fact, it is difficult to discriminate even a 3-bp deletion by using the method. Sometimes, it is possible to use high-resolution electrophoresis, such as single strand confirmation polymorphism (SSCP), for detecting the SNPs. Although SSCP can distinguish many PCR products, it does not provide any structural information. For example, some PCR products of differing sequences can migrate similarly during an SSCP analysis. 3, 4 The method merely shows that a change in the mobility has occurred. Alternatively, Sanger sequencing is used to determine single base-pair substitutions or single base insertion/deletions in DNA. However, because this technique requires additional time and enzymatic reactions, it is quite limited in real screening.
Mass spectrometry (MS) provides speed and accurate mass measurements, based on the intrinsic physical property of the mass-to-charge ratio (m/z). Although MS only currently offers short-read lengths for DNA sequencing, compared with other conventional DNA sequencing methods, this method can deal with PCR products without any big problem concerning its mass range. 5 However, the sample matrix in the PCR system is so complicated that careful sample handling is important. Usually, PCR mixtures contain amplification enzymes, deoxynucleotide triphosphates (dNTPs), oligonucleotide primers and buffers (including metal ions, such as sodium and magnesium), nonionic detergents, as well as albumin for decreasing nonspecific amplification in PCR. These substances are likely to affect the sensitivity of mass spectrometry. Usually, matrix-assisted laser desorption ionization time-offlight mass spectrometry (MALDI-TOF MS) is used for SNPs analysis. 5 The method has of potential especially for high throughput screen (HTS). Alternatively, a solution spray-based ionization technique, sonic spray ionization (SSI), is flexible and easy to introduce a sample solution directly. It can be used to analyze an oligonucleotide of 40-mer or longer. Therefore, many applications can be found especially in research areas.
In this work, an ion trap mass spectrometer, equipped with the SSI source was used to measure oligonucleotides of 6, 20, 30, and 40 bases. Ion formation and the mass spectrum pattern were investigated. The effects of sodium chloride, magnesium chloride, dNTPs, enzyme (Taq), and Tris buffer (hydroxymethyl aminomethane) were also studied.
Experimental

Instruments
The instrument used in this study was an ion trap mass spectrometer (M-8000, Hitachi Ltd.), equipped with an SSI source. SSI is a soft ionization technique that is useful for measuring thermally labile compounds. 6 The instrument can be used for measuring positive ions, as well as negative ions. A Matrix or impurities remaining in a DNA sample solution after various sample treatment procedures may influence a subsequent DNA analysis. In this work, several matrices were investigated concerning their effects on the analysis of oligonucleotide by using an ion-trap mass spectrometer equipped with a sonic spray ionization source. Inorganic salts of sodium chloride and magnesium chloride depressed the signal intensity by about 50% when the content of the salts was about 10 µM. dNTPs and Taq showed more severe depression on the oligonucleotide. However, Tris, or (hydroxymethyl)aminomethane, intensified the signal intensity, if its content was within an appropriate range. When the content of Tris was about 500 µM, the signal intensity was enhanced by factors of 3 and 5 for the 6-mer and the 20-mer oligonucleotides, respectively. With the existence of Tris, matrix effects from the inorganic salts, dNTPs and Taq were reduced.
sample solution was fed by using a syringe pump (JP-S1 microfeeder, Furue Science, Inc.).
Reagents
Four oligonucleotides with 6, 20, 30 and 40 bases, respectively, were measured using the M-8000 mass spectrometer. Some information about the oligonucleotides are listed below:
6-mer: ACGTAC, 1777.2 (MW); 20-mer: ATCGGTAGCATTGACTGCGC, 6134 (MW); 30-mer: TAGCATTTAGCCGATAGACCTAAAATCGGG, 9240.1 (MW); 40-mer: GTCCCCTACAGCAACCGCTAAGACGCCAAA-AGACCATCGC, 12159.0 (MW). The oligonucleotides (Amersham Pharmacia Biotech, Tokyo, Japan) were dissolved and prepared in 50 µM stock solutions with sterilized ion-exchange water. The stock solutions were then diluted to the concentration required for a measurement. Stock solutions for enzyme (TaKaRa Tag, 5 U/µl), MgCl2 (25 mM), and dNTPs mixture (2.5 mM for each) were also from Amersham Pharnacia Biotech.
Sodium chloride (reference material for volumetric analysis, Wako), methanol (super special grade, Wako) were also added to the oligonucleotide solution, respectively, for investigating their effect on the mass spectra of the oligonucleotide.
Parameters
The experimental parameters for performing mass spectrometry measurements included temperature, high voltage applied to the detector, trapping time, focus voltage, drift voltage. The conditions listed in Table 1 were used for this study, unless otherwise specified.
Results and Discussion
Effect of medium Mass spectrum of the oligonucleotides in a water medium.
Generally, an oligonucleotide tends to release a hydrogen atom from the phosphoric acid group and to possess a negative charge in solution. Therefore, negative-ion mode mass spectrometry was performed to detect a negative ion of oligonucleotide. Figure 1 shows the oligonucleotide mass spectra of a 2 µM solution.
We can see that 6-mer oligonucleotide has a dominantly strong peak for (M-2H) 2-, and a weak peak for (M-H) -. In the case of 20-mer oligonucleotide, there are several mass peaks, corresponding to (M-6H) 6 -, (M-5H) 5 -, (M-7H) 7-, (M-4H) 4 -, and (M-8H) 8-, respectively. The intensity for the strongest peak of the 20-mer oligonucleotide is considerably weaker than that of the 6-mer oligonucleotide, because the oligonucleotide is ionized to form various ion states with different charges in the case of the 20-mer oligonucleotide. With an increase in the base number, the signal intensities for the most abundant peak of 30-and 40-mer oligonucleotides were weaker. With an increase in the base number, the tendency to form many multi-charged ion states became stronger. Water/methanol medium.
In positive-ion mode mass spectrometry, water/methanol (50:50) is often used to help vaporize any aerosol and to promote ionization of the analytes due to the high volatility of methanol. However, only a slight increase in signal intensity was obtained in our experiment. One severe problem for a methanol-containing medium is that great care must be taken to handle a high-methanol content solution, because oligonucleotides do not dissolve in methanol. A pure methanol medium can cause oligonucleotide precipitation and loss. Therefore, a high-methanol liquid phase, even existing in a small area, should be avoided. Otherwise, a significant loss in analyte could lead to a low sensitivity, or even not observing any signal at all. It was not easy to obtain a good repeat when the methanol content was over 30%, while there was no substantial increase in the signal intensity when the methanol content was less than 30%. Therefore, a medium without adding any methanol was selected in this study.
Effect of matrixs Inorganic salts.
Inorganic salts of NaCl and MgCl2 mainly exist in the PCR system as a buffer to stabilize dNTPs and enzyme. The salts remaining after a purification process can induce the formation of adduct ions of metals by substituting H + at the acidic bridging phosphodiester and/or terminal phosphate moieties. At high concentrations, the salts may make ion formation inefficient due to a change in the physical property of the solution.
Usually, the salts contained in the sample solution are magnesium chloride, sodium chloride, potassium chloride and so on. Since sodium and potassium have similar properties, we selected magnesium chloride and sodium chloride to investigate the salt effect. Figure 2 shows the results of MgCl2 and NaCl effects on 1 µM oligonucelotide (6-mer). The signal intensity of the oligonucleotide was less affected by magnesium, although Mg 2+ possesses two charges. Basically, a chemical bond in a metal-related adduct ion is expected to form between a metal element and an oligonucleotide. As discussed above, the oligonucleotide ion has one charge for every three bases. For a metal ion with more than one charge, like Mg 2+ , the combination possibility between the metal and the oligonucleotide may become lower, because the magnesium ion has to neutralize two charges in one oligonucleotide ion or combine with two oligonucleotide ions. Therefore, a space obstacle may impede the combination. As a result, the suppression effect of Mg 2+ is not as severe as that of Na + .
Tris enhancement.
Tris, or (hydroxymethyl)aminomethane, is widely used as a buffer in many fields. The substance is one of major residues left in the PCR system. The Tris effect is quite different from those of other matrices that significantly depress the analytical signal. Our results showed that the signal intensity was enhanced under the existence of Tris. Figure 3 shows the mass spectrum of the 20-mer oligonucleotides at 2 µM, with 0.5 mM Tris in the solution. The improvement factor depended on the length of the oligonucleotide. The factor was about 5 for the 20-mer oligonucleotides, while it was 3 for the 6-mer oligonucleotide.
Besides an intensity enhancement, adding Tris tended to increase the abundance of ions possessing more charges. For example, without Tris in the sample solution, the 20-mer oligonucleotide had the strongest mass peak for (M-6H) 6-. With 500 µM Tris in the solution, however, the peaks for (M-6H) 7-and (M-6H) 8-were stronger than that of (M-6H) 6- , and the (M-6H) 7-was the strongest. Similar changes were observed for the oligonucleotides of 30-mer and 40-mer.
With a melting point of about 170˚C, Tris is not volatile. From a physical property consideration, it is unlikely for Tris to help oligonucleotide ion formation by producing a fine aerosol, or making droplet evaporation more effectively. On the contrary, if the content of Tris in a solution is too high, the effect of Tris on the physical property of the solution should not be ignored. In this case, Tris will reduce, rather than improve, the efficiencies for aerosol production and droplet vaporization. It seems that the reason for the enhancement comes from chemical interaction. As is already known, an oligonucleotide becomes a negatively charged ion by releasing a hydrogen atom. From a chemical point of view, Tris has three hydroxymethyl groups and one amino group, making the reagent a good receptor for hydrogen to form a positive ion. In this way, it is possible for Tris to promote the formation of negative ions of an oligonucleotide by reducing the hydrogen concentration in the system and subsequently making the oligonucelotide ionization equilibrium shifted towards the formation of the oligonucleotide negative ion.
Further investigation is necessary to understand the mechanism better.
Reducing matrix effect by adding Tris Sodium chloride.
Tris can be added to a sample solution to maintain a high sensitivity. The result of the NaCl effect with 0.5 mM Tris in the solution was compared with that without Tris, which is shown in Fig. 4 . Without adding Tris, the signal began to decrease and led to a relative intensity lower than 1, when the content of NaCl was 2 µM. With 0.5 mM Tris in the solution, however, the intensity was still higher than 1 even the NaCl content was 20 µM. The effects from other matrices will also be discussed later.
Deoxynucleotide triphosphates (dNTPs).
The dNTPs used in PCR were a mixture of deoxyadenylic (A), deoxyguanylic (G), deoxycytidylic (C), and deoxythymidylic (T). To obtain a greater amount of PCR product, dNTPs are usually added in excess. A considerable amount of dNTPs may remain along with the product even after the purification procedure. The matrix effect of dNTP on the signal intensity of oligonucleotide was investigated. As shown in Fig. 5 , the signal intensity was significantly suppressed when the content of dNTP was higher than 300 nM. With the addition of Tris, the relative intensity was still higher than 1, even though the content of dNTPs increased to 2000 nM.
Tag.
Tag is a complicated mixture that contains enzymes as well as various substances. As shown in Fig. 6 , a very low content of Tag severely depresses the signal intensity of the analyte. With the existence of 500 µM Tris in the sample, the content of Tag in the solution allowed is several hundred times higher, compared with that without adding Tris. Therefore, adding Tris greatly simplifies the purification procedure and is potentially useful. 
Conclusions
Oligonucleotides tend to release several hydrogen atoms and form negatively charged ions when measured with mass spectrometry combined with sonic spray ionization. The ions are multipex charged and can be affected by a matrix. Inorganic salts, dNTPs, and Tag depress the signal of the oligonucleotides, while Tris enhances the signal by a factor of several times when the content of Tris is about 0.5 mM. Adding Tris promotes the formation of negative ions with higher charges. We suggest that adding Tris leads to a system with smaller content of hydrogen, which favors negative oligonucleotide ions with high charges. 
